Long chain dicationic ammonium salts were used successfully as phase transfer catalyst in the condensation reactions of aromatic aldehydes in water under ultrasonic irradiation for the first time. The quaternary salt having longer distance between the cation centers was more effective than the mono-and dicationic ones having short chain.
Introduction
The development of new synthetic methods that are more environmentally benign has been propelled by the growing importance of green chemistry. 1 In this fact, scientists have been aimed to produce safer and environmentally friendly chemicals and processes in recent years. Among these processes, using catalytic reactions is essential for chemists. 2 Phase transfer catalysis (PTC) is an alternative solution to heterogeneity problem with the reactions in which the interaction between two substances located in different phases of a mixture is inhibited because of the inability of reagents to come together. The most important advantages of PTC are simplicity, mild conditions, high-reaction rates, high selectivities, and the use of inexpensive reagents.
3 A number of catalysts are being developed and recently multi-site phase transfer catalysts have become more attractive among chemists because of their superior features such as facile preparation, low energy requirement and high reactivity in a particular synthetic transformation under mild reaction conditions, when compared with single-site ones. 4 Dicationic ammonium salts, which have long aliphatic chain, have excellent surfactant properties, because they are more efficient in lowering surface tension than single chain ones and they are very attractive for adsorption applications, analytical separations, solubilization processes. 5 Although these compounds are widely used as effective emulsifiers, dispersing and anti-foaming agents, they have not been investigated widely for their phase transfer properties. Here we wish to report the use of dicationic ammonium salts having long aliphatic chain as phase transfer catalysts in the condensation reactions of various aromatic aldehydes with benzyl cyanide and 3,3-dimethylbutan-2-one in water under ultrasonic effect.
Experimental
General. All reagents were of commercial quality and reagent quality solvents were used without further purification. IR spectra were determined on a Perkin Elmer, Spectrum One FT-IR spectrometer. NMR spectra were recorded on Mercury VX-400 MHz and Varian Unity-Inova 500 MHz spectrometers.
Chemical shifts δ are reported in ppm relative to CHCl3 ( 1 H: δ = 7.27), CDCl 3 ( 13 C: δ = 77.0) and TMS as internal standart. Column chromatography was conducted on silica gel 60 (70 -230 mesh). TLC was carried out on aluminum sheets precoated with silica gel 60F254 (Merck). Elemental analysis were carried out on Thermo Flash EA 1112 series apparatus. Ultrasound irradiation was performed in Bandelin Sonorex ultrasonic cleaner, whose frequency was 35 kHz and output power was 350 W. The reaction flasks were located in the maximum energy area in the cleaner, and the temperature of the water bath was controlled by the circulation of cold water by a pump.
General procedure for the synthesis of catalysts 1 a-c. A mixture of N,N-dimethyldodecylamine (2.0 mmol) and dihaloalkane (1.0 mmol) in absolute ethanol (10 mL) was refluxed for 24 h. After evaporation of the solvent, the crude product was washed with acetone and recrystallized from ethanol/diethyl ether (1:2). General procedure for the condensation reactions. Sodium hydroxide (1.0 mmol) and catalyst 1c were dissolved in water (20 mL), then aldehyde (1.0 mmol) and benzyl cyanide or 3,3-dimethylbutan-2-one (1.0 mmol) were added. The reaction mixture was sonicated at 25 o C for a period of time long enough to complete the reaction (TLC), then the solid formed in the reaction mixture was filtrated, and the crude products were purified by recrystallisation (ethanol) or column chromatography over silica gel (EtOAc:Hexane 1:3 or 1:6).
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Results and Discussion
The ammonium salts having different spacer lengths were synthesized by the reaction of dibromoalkanes with N,N-dimethyldodecylamine according to literature procedure (Scheme 1). The structures of compounds were determined by their spectroscopic data and were in accordance with the literature. We started the study by investigation of the condensation reaction of benzyl cyanide with p-fluorobenzaldehyde to see how the long chain aliphatic dicationic ammonium salts effected the reaction as phase transfer catalysts. The reactions were carried out in water-reagent/substrate biphasic system without any other organic solvent. Several different bases such as sodium hydroxide, triethylamine, potassium carbonate were tried as base in the presence of catalysts 1a-c and it was decided that 
3a-f
Using this procedure, the condensation reactions of various aromatic aldehydes with benzyl cyanide and 3,3-dimethylbutan-2-one were carried out in good yields and short reaction times as summarised in Table 2 and 3. All of the compounds except 4f were known in the literature and all the spectroscopic data are in full agreement with their structures. Under ultrasonic irradiation, all hydroxy compounds, which formed according to the reaction mechanism were converted to unsaturated compounds immediately by the elimination of water, so no hydroxy product was isolated.
Conclusion
Long chain dicationic ammonium salts, which are prepared easily from cheap, commercially available materials, are very effective as phase transfer catalysts in the condensation reactions of aromatic aldehydes. When the aliphatic chain between the cationic centers is longer, the phase transfer activity in-creases. Besides, the method used for the condensation reactions provides several advantages such as using environmentally friendly solvent water, short reaction times under ultrasonic irradiation and high yielded clean products.
